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Question 1 (10 marks) 
Part 1 
A differential amplifier uses two transistors whose β values are β1 and β2. If everything is 
matched, show that the input offset is approximately VT [(1/β1)-(1/β2)]. Assume β1, β2 >>1.  
(6 marks) 
Part 2 
 A differential amplifier for which the total emitter bias current is 0.6 mA uses transistors for 
which β is specified to lie between 80 and 200.  
a) What is the largest possible input bias current? (1 mark) 
b) What is the smallest possible input bias current? (1 mark) 
c) What is the largest input offset current? (2 marks)  
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Question 2 (15 marks) 
For the circuit shown in Figure 1, answer the following questions: 
a) Determine the mid-band gain. (5 marks) 
b) Based on open-circuit time constants method, determine f3dB of the amplifier. (10 marks) 
 
Figure 1. 
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Question 3 (25 marks) 
For the circuit shown in Figure 2, answer the following questions: 
a) Draw the differential mode half circuit of the amplifier (4 marks) 
b) Draw the common-mode half circuit of the amplifier (4 marks) 
c) What are Q points (Drain Currents and VDS of the transistors) of the amplifier? (7 marks) 
d) What is the differential gain of the amplifier? (10 marks) 
Transistors’ specifications are: 
𝑘𝑛
′ (W/L)=1 mA/V2, |Vt|=1 V,  
𝑘𝑝
′ (W/L)=0.5 mA/V2, I1=0.2 mA, I2=0.1 mA, VDD=Vss= 10 V, RD=15 KΩ. 
Ignore the Early effect. 
 
Figure 2. 
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Question 4 (25 marks) 
For the amplifier shown in Figure 3, answer the following questions: 
a) Determine the feedback type. (2 marks) 
b) Determine the open-loop gain. (vout /Iin) (14 marks) 
c) Determine the feedback factor. (3 marks) 
d) Determine the closed-loop gain. (vout/Iin) (6 marks) 
 
Assume: 
RD=10 KΩ, R1=R2=2KΩ, R3=3 KΩ and VDD=10 V.  
Transistors’ specifications are: 
𝑘𝑛
′ (W/L)=2 mA/V2, |Vt|=1 V. 
Ignore the Early effect. 
 
Figure 3. 
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Question 5 (25 marks) 
For the 741 op-amp circuit shown in Figure 4, answer the following questions: 
a) What is the input resistance of the amplifier for R4=2.5 KΩ and R5=20 KΩ? (3 marks) 
 
b) Based on values of R4 and R5 given in part a, what is the voltage gain of the input stage 
of the op-amp? (8 marks) 
c) Draw the short-circuit protection of the op-amp. (2 marks) 
d) Draw the output stage circuit of the op-amp, when the short-circuit protection is 
ignored. (2 marks) 
e) Based on the circuit obtained from part d for the negative signal voltages, what is the 
output resistance of the op-amp and input resistance of Q23 if IC20=2 mA, IC14=0 and 
transistor Q20 has a current gain 40? (10 marks) 
 
Note that parts c , d and e should be independently solved from parts a and b. 
Assume (β)PNP=50,  (β)NPN=200, (VA)NPN =125 V, (VA)PNP =50 V. The other parameters’ 
values of the transistors are the same as the ones given in the text book. 
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Figure 4. 
 
 
 
